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PURPOSE OF INVESTIGATION. 


‘The amount of variation which occurs in the volume of bottled 
foods packed under conditions of “good commercial practice” is 
often the subject of controversy among the bottler, the food official, 
and the bottle manufacturer. The Bureau of Chemistry has made a 
number of investigations on this subject. Some of these investiga- 
tions have been somewhat disconnected, but the gaps existing in the 
information thus obtained have been filled in, so far as possible, by 
supplementary investigations. The prevalence of various methods 
of packing bottled foods, prevalence of the various types of bottles 
used for foods, prevalence of the different types of bottles manufac- 
tured, types of fillmg machines, methods of manufacture, com- 

mercial methods of purchasing and testing bottles, variations in ca- 
_ pacity of bottles, variations in volume of contents of bottles of food, 
and allied subjects have been studied to determine the difficulties 
involved in packitig bottled foods with a uniform quantity of con- 
tents. Precaution has keen taken to observe the obligations of the 
bottler, the bottle manufacturer, and the food official to the consumer. 

6s70e7 51-5 
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Because the Net Weight Amendment to the Federal Food and 
Drugs Act and many State laws require thet food in package form 
bear a statement of the quantity of contents, the obligation of the 
food official to the consumer includes the promotion of the delivery 
of bottles of food which vary as little as possible from the stated 
quantity of contents when the possibilities of good commercial prac- 
tice are.taken into consideration. The obligation of the bottler to 
the consumer calls for an effort to deliver bottled food products, 
such as flavoring extracts, mineral waters, carbonated and uncar- 
bonated beverages, molasses, honey, maple sirup, vinegar, olive oil, 
essential oils, table oils, catsup, and salad dressing, which are as 
uniform in quantity of contents as is commercially practicable. The 
bottle manufacturer, therefore, is under direct obligation to the 
bottler and indirect obligation to the consumer to furnish bottles 
which are as uniform in capacity as it is oper ty possible to 
make them. . 

It is the purpose of this bulletin to describe a . commercial method 


mek bottling which may be considered “ good,” to calculate maximum 


variations in the volume of bottled liquids used as foods when packed 
in accordance with specified good commercial practice, and to present 
data showing that the calculated maximum variations of the good 
commercial practice outlined can be met by the bottler. - 
The results of the investigation here reported are intended to be 
applicable to liquid foods only. | 


SOME CAUSES OF VARIATION IN VOLUME OF FOOD IN BOTTLES. 


The variation ‘of the quantity of food in the bottle depends on 
many factors, since various types of bottles are manufactured by 
various methods and filled by various methods. The causes of the 
variations are cumulative, extending far back into the history of the 
bottle. In order to direct attention to the relative weight of some of 
the causes, certain pertinent factors in bottlé manufacturing, 
methods of bottling, and types of bottles used as food containers 


are mentioned 
BOTTLE MANUFACTURE. 


_ Bottles are manufactured by three processes: Hand, semiauto- 
matic machine, and automatic machine. The processes vary in two 
particulars—first, the method of gathering the proper amount of 
glass to be blown into a bottle, and, second, the method of blow 
the bottle. 

Hand blowing is the oldest and simplest method of manutaciae: 
In this process one end of the punty, a hollow tube about 6 feet 
long, is inserted in the molten glass and rotated until the amount of 
glass necessary to produce a bottle of the desired weight has been 
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collected. The lump of glass attached to the punty is rolled into 
a pear-shaped lump on an iron plate, placed in a mould, and the glass 
expanded to the limiting mould walls by blowing through the punty. 
As soon as the mass has been expanded to the limits of the mould, the 
punty is detached, the mould opened, and the bottle removed. The 
neck is then reheated and finished and the bottle placed in a cooling 
chamber, where the temperature is gradually reduced. 

The semiautomatic machine process embodies the first attempts to 
apply machinery to the blowing of bottles. A stream of glass falling 
into the mould is cut off by scissors operated by a foot treadle. Since 
practically all of the glass which falls into the mould is contained in 
the finished bottle, its weight depends upon the judgement of the 
operator of the foot treadle. The molten glass is formed roughly 
~ in a blank mould by a plunger, and it is then transferred by hand 
to the blow mould, where it is blown by compressed air to the limits 
of the walls of the mould. 7 

The automatic machine process accomplishes all steps of bottle 
manufacture by machinery. The amount of glass is gauged by 
filling a hollow mould by suction and striking off the excess glass 
with a knife. The weight of the glass in the bottle is that measured 
into the mould. After forming the neck of the bottle in this mould 
the blow mould is brought into position around the pencil of glass, 
which is expanded to the mould limits by compressed air. 

In both hand and semiautomatic machine processes the weights 
of the bottles are controlled by the accuracies of human judgment, 
in the first case in properly estimating the weight of molten glass 
on the punty, and in the second case in properly estimating the 
amount of glass which drops into the mould. In the automatic 
machine process the weight of the bottle depends upon the amount 
of glass measured into the mould by machinery and does not depend 
upon the accuracy of human judgment. So far as the manufactur- 
ing affects the weight of the bottles there are only two processes, 
hand and machine, the semiautomatic machine process falling into 
the first class. 

In all processes the mould is manufactured according to strict 
_specifications and tests. Its cavity, which controls the exterior di- 
mensions of the bottle, is accurately machined to previously deter- 
mined dimensions, and sample bottles are blown for weight and 
capacity tests before it is installed. Wuth continual use a scum ac- 
cumulates in the mould, slightly diminishing its interior dimensions. 
After this scum has been removed a sufficient number of times, the 
mould’s dimensions become appreciably larger, so that a new mould 
must be substituted for it. Much attention is given to the cleaning 
_ of the mould and to the possibility of its replacement by the bottle 
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manufacturer. One of the criteria for changing it is the increased 
weight of the bottle when ‘bottles of a definite capacity are being 
blown. 

To assist him in keeping the weight of the bottles as accurate as pos- 
sible, the hand blower familiarizes himself with the weights of the 
bottles as he blows them and can at once adjust any tendencies 
toward overweight or underweight. In. the Wage Scale and Work- 
ing Rules of the Glass Bottle Blowers’ Association the blower is 
continually cautioned to “work as close to weight given as possi- 
ble.” Similar precautions are taken in blowing bottles by the ma- 
chine process. For the past 30 years at least. (1) (6),! the National 
Glass Bottle and Vial Manufacturers’ Association, composed of 
manufacturers, and the Glass Bottle Blowers’ Association, composed 
of blowers, have held annual conventions, where questions pertaining 
to their several interests are discussed and agreements made by 
which each party should be governed. The limit of variation in 
weights which would be permitted during the ensuing year has been 
one of the questions decided at these meetings. This point became 
of special importance after the passage of the Net Weight Amend- 
ment to the Federal Food and Drugs Act, March 3, 1913, when the 


food officials were also consulted. The variations agreed upon and_ 


adopted in 1914 have been readopted annually without change. The 
manufacturer has the privilege of rejecting bottles whose weights. 
fall outside these allowable variations. They are used in this bulle- 
tin in calculating the maximum variation in the volume of bottled 
foods. 

To show the extent to which any allowable variation will be ap- 
plicable to all bottles, it is necessary to note that the variation in the 
weight of hand-blown bottles is greater than that of machine-blown 
bottles. While this is generally an accepted fact (7), it has been 
further verified by 27 sets of data collected in the course of these 
investigations, each containing measurements on 25 to 50 bottles of 
4,8, and 12 ounce weights. It was found that the respective average 
deviations were 0.12, 0.24, and 0.37 ounce in hand-blown ware, and 
_0.03, 0.06, and 0.18 ounce in machine-blown ware. It is pertinent 
_also to note that machine manufacture has had a steady growth. In 
1912 (2) 33 factories in the United States were equipped with bottle- 
blowing machines. In 1913 (2) 37 factories and in 1914 (5) 54 
factories, or 3¢ per cent of those in the United ‘States, were so 
equipped. it has been estimated that 45 per cent of the bottles blown 
in 1917 (7, p. 129) and 60 per cent of those blown in 1918” were made 


by automatic machines. This steady growth, together with the fact 


+ Figures in parentheses throughout this bulletin refer to the bibliography on page 20. 
*Bureau of Chemistry surveys, unpublished. 
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that machine patents are now expiring, emphasizes the necessity for 
giving consideration to the smaller variations which may occur in 
machine-blown bottles. 

BOTTLE FILLING. 


The accuracy in bottle filling is affected by every operation of 
the bottler from the time he places his order for bottles until they 
are sealed and labeled. In placing the order the bottler has in mind, 
and sometimes states in his contract, the capacity which he desires. 
Upon receipt of the bottles the correctness of their capacity is ascer- 
tained by actual measurement, or else it is assumed that the manu- 
facturer has delivered bottles having the capacity designated in the 
contract. According to the tests made the bottles are rejected or 
- suitable arrangements are made for their use with respect to a proper 
declaration of quantity of contents. In a survey it was found that 
10 of 16 bottling factories made tests on every lot of bottles received 
from the factories, and also that 10 of these bottlers did not specify 
in their contracts with the glass factories the capacities which they 
desired for their bottles. The transparent nature of the bottle 
compels the bottler to cater to a popular demand that the pack- 
ages be reasonably full, which requires filling to a somewhat uniform 
height, leaving ailicient head space. 

The liquid erodhi is filled into the bottle by machines of various de- 
grees of complexity. A general study of the catalogues of bottle- 
filler manufacturers has shown these fillers to fall into three general ~ 
types. The first is practically a hand filler. It is equipped with a 
filling nozzle and a lever cut-off operated by hand. When bottles 
are filled to the desired filling point, as estimated by the eye or by 
comparison with a properly filled sample, the flow is cut off and the 
bottle corked. This type represents the simplest method of filling. 
The second type of filler works upon the siphon principle. The bot- 
tle is filled from a siphon tube connected with a constant level tank. 
As soon as the liquid in the bottle has reached the level of the liquid 
in the tank the flow ceases. The height of fill is adjusted by raising 
or lowering either the bottle or the delivery tube. The third type 

is a development of the second type in which the hquid runs into a 
“measuring chamber of adjustable dimensions before delivery to the 
bottle. A uniform volume is thereby delivered into each bottle’ 

Of these types of fillers the second is most common. The third is 
used more generally for filing cans which are not transparent. 
Regardless of the type of machine used, the bottler is impelled to fill 
his bottles to a definite height in order that they may make a satis- 
factory appearance as a commercial article. It was found during 
the inspection of a number of factories that even where machines 
which measured the quantity to be delivered were used, continual 
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attention was given to the height of fill of the bottle. The short- 
capacity bottles, which were always too full and filled high in the 
neck, were partially emptied into the over-capacity bottles, which 
were not full enough, in order to obtain a more uniform quantity of 
contents. 


j)bh 


Fig. 1.—Long-necked bottles. 


It is the custom of bottlers to label their products with the quan- 
tity of contents either by a paper label or by having the statement 
blown into the bottle. In each case the bottler must al upon the 
uniformity of the bottle to secure accurate statements of the quantity 
of contents. This fact is considered in this bulletin in calculating the 
variation in volume of bottled foods. 


Fic. 2.—Short- necked bottles. 
TYPES OF BOTTLES. 


Although foods are put up in a large variety of bottles, three sur- 
veys of the industry indicate that certain types are very prevalent. 
In view of the mooted questions concerning the panel bottle it has 
not been included in this study. Figures 1 and 2 illustrate the types 
which have been studied. The cross section of the bottle may be 
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round, square, or oval, and the necks long and conical or cylindrical, 
or short and cylindrical. The type of shoulder shown in these figures, 
while of minor significance in some cases, is important in others and | 
illustrates the type to which the data reported in this bulletin apply. 
It is intended that the results be applicable to the simplest and most 
prevalent types of bottles used for food purposes. 


“GOOD COMMERCIAL PRACTICE” IN BOTTLING. 


In considering the specifications which should be met by a com- 
mercial practice considered to be “ good,” the demands of the con- 
sumer and the law, as well as the ability of the bottler to meet the 
requirements, have been taken into account. Because of the trans- 
parency of the bottle, the bottler attempts to cater to the demands of 
~ the consumer that the bottle be as full as practicable, considering the 
necessary head space. When the bottler receives a shipment of 
bottles which are over capacity, he hesitates to fill the bottles with a 
larger quantity without changing the quantity of contents declaration 
on the label. On the other hand, when bottles which are under 
capacity are received the law demands that the contents declaration 
be changed to make the statement correct. If the true capacity of 
the bottle to the usual filling point differs only slightly from that 
desired, there is a possibility of making a shght increase or decrease 
in the height of fill. This change in the height of fill necessitates 
instructing a number of employees who have been trained to fill to 
a certain height. It also requires a change in the setting of filling 
machines if such are used. <A further inconvenience is suffered by 
the necessity for the determination of the proper height of fill. A 
material change in height of fill, therefore, can be regarded only as 
a temporary expedient. Jt will be suffered by the manufacturer 
only long enough to permit him to give proper instructions to the 
bottle manufacturer from whom he makes his purchases. While 
readjustments are taking place, it is not considered that the bottler 
has yet attained conditions of good commercial practice. 

It is evident that the first step of the bottler in eliminating his 
difficulties with respect to the variation in capacity of the bottles 
_he receives is to make definite specifications in his orders. The law 
requires that the quantity of liquids shall be declared by volume. ‘The 
height to which the bottler fills his bottles can be varied slightly, 
but to meet the demands of the law and the public he is required to 
demand of the bottle manufacturer a bottle with a definite capacity 
at a height of fill which will satisfy the public. This condition can 
be attained by inserting in the specifications in his orders the require- 
ment that the bottle have a specified capacity at a definite height of 
fill. This is considered the first condition of good commercial 
practice. 
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When any lot of bottles is received, the best practice demands that 
they be tested. The test to be applied is whether they meet the 
specification as to capacity at the height of fill specified in the con- 
tract. If the bottles do not test correctly, two alternatives are pos- 
sible. The bottles may be rejected or temporary expedients, such as 
changing the contents declaration on the labels, may be employed to 
use up the particular lot. Rejection of bottles involves the inconven- 
ience of temporary loss of packages and friction with the manufac- 
turer. It is for the bottler to decide which method will be employed. 
If the variation is excessive, good commercial practice would demand 
that they be rejected. Testing the capacity of a representative sample 
of each lot of bottles received and rejecting those lots with excessive 


variations from the contract specifications is the second step in the. 


attainment of good commercial practice. 

_ The testing of the bottles gives the bottler information as to his 
correct filling point. Whether or not the tests show a variation from 
his usual filling point wide enough to justify him in instructing his 
- employees as to proper changes is a question for him to decide. The 
best practice would demand that the question of change of height of 
fill be given due consideration. The adoption of the process of mak- 


ing slight changes in the height of fill as indicated by the tests made _ 


on the various lots of bottles as received is the third step in the at- 
tainment of good commercial practice. 

_ Printing labels with the quantity of contents before they are at- 
tached to the bottles is decidedly convenient. By making this state- 
ment beforehand the bottler determines the quantity of contents 
which he expects to fillinto his bottles. Thestatement of quantity of 
contents is necessarily the same as that specified in his contract with 
the bottle manufacturer. The expediting of his business demands 
that labels be ordered before the bottles are received. There is 
always a possibility of altering the statement of quantity of contents 
by rubber stamp or by reprinting, but this is an inconvenience which 
will be suffered by the bottler only long enough to permit him to give 
proper instructions to his manufacturer to correct the capacity in 
the subsequent shipments. The application of labels bearing a defi- 
nite, correct statement of the quantity of contents is regarded as the 
fourth step in the attainment of good commercial practice. 

The development of good commercial practice is a growth and re- 
quires a sufficient amount of time for adjustment to proper conditions 
by the bottler. It involves the ordering of labels previous to the time 
bottles are ordered, and a requirement on the part of the bottler that 
his bottles be delivered to him as specified. Though. this is an ideal 
condition and it is not conceivable that it could be continued without 
an occasional interruption, many factories are using this practice 
closely. For the purpose of this bulletin, therefore, good commercial 
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practice in bottling foods is the attainment of conditions in the bot- 
tler’s state of business in which he (a) includes in his orders for bot- 
tles the specifications as to capacity when filled to a specified height, 
(O) tests a representative sample of every lot of bottles received, and 
rejects those lots appreciably under capacity, (c) fills his bottles to a 
height determined from the results of his tests, and (d@) has his labels 
printed with a definite, correct statement as to the quantity of con- 
tents and applies them unaltered to the bottles he fills, such statement 
to be correct within his required variations. 

The calculated maximum variations computed in this bulletin are 
based on the assumption that this specified good commercial practice 
in bottling has been attained. 


CALCULATED MAXIMUM VARIATION IN THE VOLUME OF 
BOTTLED FOODS. 


The first and most important requisite in the carrying out of the 
good commercial practice plan in bottling is that the variation in the 
bottles shall be as small as commercially practicable. With the use 
of accurate bottles the bottler is able to adjust his filing process to 
any extent he desires and to produce bottles of food which, in quan- 
tity of contents, vary within limits as narrow as he may wish to have 
them. 

The calculated maximum variation in the volume of bottled foods 
is computed in this bulletin on the basis of the usual variations in the 
bottles. It is defined as the volume which is equivalent to the allowed | 
weight variation of the bottle as manufactured. 

Variations in the weight of bottles which the manufacturer shall 
allow to the blower, as published in the Wage Scale and Working 
Rules of the Glass Bottle Blowers’ Association, are given in Table 1. 


TABLE 1.—Variations in weight of bottles allowed by manufacturers. 


Weight of bottles. Under. | Over. 
| 
ee Ounces. Ounces. Ounces. 

Sq aKG CLD EOVG Co) Perea Oe SS ASE ROOST Ar eae eee 4 1 

1 ; HOES eerie scree siomie sca ciseemiee es i i 

tet One eee icon eee Se Tae ely ae 4. x 

AYU CSS HE See ee a ae Pee i i 

AS OO Sees ape De SER tee CONG Ne 2 3 5 

7 THIIO) aga Ua sac ee ak ep ae aD i 3 

SO) WU BES oR Aas Ses Rees ae 4 3 

Fi) iG PA ke te Sea Nh ae add 3 3 
ZB OMA See Medias Wie tiES te eMule ook eg, 1 1 
AE TOM ce te ee ete cts. eee tea PY 1 1 

IN UOR2O: Sips we eh oe Meera SR ake fe 1 13 

POW Op PAs Hag pes al all atts La ail nese cle eile even 14 13 

DASA) GAs ied Fe SUN ag PING ha ee ae Oleg a 13 13 
DEG Osos ete ee ee Sek, eee 13 2 
UOMO! teba ys eee ee Re le oe sere 2 3 
A EOI Ee pe ye ae ey ent he 3 4 
SUE OUGO tes cea ees OM ce hie ly ere eel oe ae 4 5 


‘Inclusive. The following figures are not inclusive. 


68708 °—21——2 
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The variations as given in Table 1 are applicable to bottles of 
particular weights. While bottles of any capacity may be blown 
at any specified weight, if so ordered, the general practice is to fol- 
low the weights and capacities stated in the Wage Scale and Working 
Rules of the Glass Bottle Blowers’ Association. Weights of bottles 
of various capacities as stated in the Wage Scale and Working Rules 
have been compiled in Table 2. 


TABLE 2.—Weights of bottles of various capacities. 


Capacity (fluid_ounces)— 


Types of bottles. 


a Dea le OMAN asOuadll sO | 16 Weil 32 6 
Oz.2 | Oz.2 | Oz2 | Oz.2 | Oz2| Oz2 | Oz2 | Oz.2 | Oz2 | Oz2 | Oz2 
Round and fluted prescriptions. ..| 1.25 | 1.50 | 2.0 SO OKO) | 36x50) 980 tle. NW MS ooeece 
Round castor oils, lemon sirups, | 
Miv@ OHS. GQWOssnndegosscasseusas TOON SSO 2525) 9 4200) os0) nGe oi a9 roe| SO 16 20 Aieesaeye 
2.5 
Ovals, French squares, tall blakes, i 

and oblongs-...._.. sneer) earn eee 5 EN Tis PB. P.O ASO | 33359 |) 760) {aI O) |! 112500) 18 20g eee 
Flats, short blakes, and oblongs..-.} 1.00 | 1.50 | 2.5 4.5] 6.0} 8.0) 11.0 | 14.0 18 22S ee ERE 
Grape juices and catsups, cham- 

pagnes, octagons, rounds, 

SQUAT CSE tees a ee aya Ft eee eae | Re 1550) |e2q2o 4 Onoson i MOron | ONON | RLSa0 19 22 34 
Tinctures, round and square...._. 75 | 1.25 | 2.0 ATOR onOh e625) |e GSO RAS 15 18 32 
Rangedn weilghits sss ese 75-| 1.25-| 2:0- | 3.5-| 5.0+} 6.5-| 9.0-| 11.0-) 15-|. 18-) 32- 

E25 | MeO O A285, 4.5] 6.0] 8.0) 11.0 | 14.0 19 22 34 
Corresponding rangein Table 1...| 34-2] 1-2 4| 46] 461 6-8 | 812-|12-14 [14-17 |17-25 | 32-40 


1 Compiled from text of Wage Scale and Working Rules of the Glass Bottle Blowers’ Association, 1918-19. 
2 Avoirdupois. 

The simple types of bottles listed in Table 2 are very common 
food containers. They are the types to which the results found in 
this bulletin are applicable. The weights of bottles of any given 
capacity are so uniform that they fall within one of the definite 
ranges in weight mentioned in Table 1. Each range in weight cor- 
responds to a capacity. For example, a corresponding range in Table 
1 of 1 to 2 ounces, avoirdupois, corresponds to a capacity in fluid 
ounces of 1. Therefore, there is an allowed variation in weight which 
corresponds to each capacity, that is, the first column of Table 1 has 
been converted from terms of weight to terms of capacity. 

An increase in the weight of the bottle is caused by the use of 
more glass, which thickens the walls and decreases the capacity. 
Since the bottler is penalized for short capacity, the overweight limits 


as given in Table 1 were selected as the basis of computing the maxi- - 


mum variations in capacity. The overweight limits have been com- 


puted to volume equivalents by use of the factor, 1 ounce of glass is — 


equivalent to 3.1 drams in volume, the usual factor used by glass 
blowers and manufacturers.*? This factor has been further verified 
by measurements and computations based on the specific gravity of 


* Bureau of Chemistry Hearing of Glass Bottle Blowers’ Association, May, 1913. 


' 


VOLUME VARIATION OF BOTTLED FOODS. 11 


glass given in literature, and is found to be sufficiently accurate for 
use in this bulletin. The volumes equivalent to the variations in 
overweight as given in Table 1 are computed by this factor and tabu- 
lated in Table 9 (page 20) under the heading “ Individual bottles,” 
opposite the various capacities given in Table 2. These are calculated 
maximum variations computed in this bulletin, on which further 
computations are based in Tables 4 and 6. 

The blower is continually cautioned to “ work as close to the weight 
specified as possible.” Since those bottles which are outside the per- 
mitted variations in weight may be rejected, the blower will attempt 
to have them occur as seldom as possible. As a result of following 
this caution and attempting to keep within the limit, the weights of 
the bottles will be distributed in accordance with the normal law of 
errors. For example, if the blower intends to deliver a bottle weigh- 
ing 8 ounces, most of his bottles will weigh close to 8 ounces and only 
a few will be over or under by large amounts. Their average weight 
will approximate 8 ounces and there will be about as many over as 
under weight. The allowable variations stated in Table 1 would 
probably occur very few times in the course of a day’s work. These 
are the primary conditions for distribution according to the normal 
law of errors. In accordance with the principles of the law of errors, 
the variation of the average of the representative sample, which has 
the same chance of occurrence as the variation of an individual bottle, 
is equivalent to the individual variation divided by the square root of 
the number of bottles in the sample (8). In making observations of 
this type, it has been found that at least 50 bottles should be meas- 
ured in order that the results may be accurately representative. The 
calculated maximum variation in the volume of a representative sam- 
ple has been computed according to this rule and included in Table 
9 under the column “Average of representative sample.” 

Data to show the possibilities of meeting these variations of the 
average volume are not presented in this bulletin. Studies of a sim1- 
lar nature (4) on other products have shown that variations com- 
puted by this method are within the range of commercial possibilities. 

In the calculations of the maximum variations in Table 9 the assump- 
tion has been made that the bottler is able to limit his variations in 
filling to any desired degree. The figures chosen for the calculations 
are the weight variations allowed to hand blowers., Machine-blown 
bottles are more uniform in weight and also in capacity. Since the 
majority of the bottles are blown by machine, this calculated maxi- 
mum variation is representative of the variations in the volume of 
bottle foods when they are packed under the specific good commer- 
cial practice conditions outlined, which require that the bottler give 
special attention to his methods of filling. Data are presented to 
show the possibilities of meeting the calculated maximum variations. 
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The data which have been collected were taken for the purpose of 
showing the chance of occurrence of the calculated maximum vari- 
ations in the capacity of the bottle and in the quantity of food 
therein. Other data were also collected to show the possibilities of 
meeting the calculated maximum variations by such temporary ex- 
pedients as changing the height of fill or the declaration on the label. 


VARIATION IN CAPACITY OF BOTTLES. 


e. 


In order to determine the variations due exclusively to differ- 
ence in the capacity of bottles, 22 representative glass factories lo- 
cated in Virginia, Maryland, Pennsylvania, New Jersey, West Vir- 


ginia, and Ohio were visited, and 28 sets of measurements, including 


1,090 bottles blown by hand and by machine processes, were taken. 
Certain conditions of blowing were prescribed before a set of bottles 
was selected for measurement. The moulds were noted to be in 
good repair and to have been in use at least one hour before the 
bottles selected for measurement were blown. It was stated that 
the glass was in good workable condition. All machines were oper- 
ating under favorable circumstances and all blowers and gatherers 
were journeymen workmen. In the case of hand-blown bottles, 
measurements were made on a set which had been blown in a 
single mould. In the case of machine-blown bottles, a run of ma- 
chine ware was measured. Al] measurements were made by pouring 
water from a standardized graduate into the bottles. A recapitula- 
tion of the results obtained is given in Table 3. 


TasLte 38.—Variations in capacity of bottles. 


[Data based on measurementsin glass factories.] 


Capacity at top. . Average 
: f 
Refer- Size } Number |= __, > 333 os cer eee 2 
ence of . Type. meas- devia- pete Oy 
No. | bottle. ured. | Maxi- |- Mini- |, 04 tion. ae 
mum. mum. Be. eons t 
the size. 
HAND BLOWN.° ae 
: Fl.oz. | Fi. 02. Fl. oz. Fl. oz. FIl.oz. Fil.oz. 

1006-0 1 | Shoo-fly flask...-..... 25 Ali 1.08 |. 0. 93 1. 03 0:085 jo-2 22 coms 
1006-1 Ae eee dots 7. cs 5 eee 25 1. 03 90 . 96 - 032 0. 033 
1002-B 3 | Oval prescription... .. | 25 3. 59 3. 31 3. 47 S042 | Seo 
1002-S 5 Bee Ons eS ee 25 3.31 3. 11 3. 21 3039) | 25225 =2--- 
1010-1 Siem sats Cl eR Se Ss Ses 5-5 25 3. 21 2.99 3.11 20664 seo 
1010-2 Si leet DOr 2S SE Aes 25 3.18 2.91 3. 00 S05DF] Sees ees 
1001 4 | Round square......... 50 4.77 4, 33 ~ A, 52 Rte eee 
1006-1 4 | Shoo-fly flask.........| 25 | 4, 22 3. 92 4. 07 O74 orsces Sie 
1006-2 ZN ees Os coe ne ee 25 4, 29 > 3.89 4.12 SUSU eee sostose 
1008 4 | Oval prescription..... 50 4.66 4.19 4.48 .071 . 068 
1001 =p aes [Sane ame ae 50 9. 06 | 8, 08 8. 69 S45 Ne tegeee 
1002 Si] Lallibiake:: esti oie s 50 9.19 8. 25 8. 62 mb a ee os 

1005 8 | Soda water......-....- 50 8.9210) ge br 8. 32 21 -16 

1005 1 El Ved 3322) ithe ae Be Pict ote 50 13. 58 12.71 13.18 -15 15 
1000-K SANS BT ANG YC coke oh 25 24. 84 | 23. 49 24, 24 Seb Seeeooc 
1000- 1 77.2 Pees GOr Se eres see 25 | 25. 69 24.17 24. 71 36 - 33 

1005 64 | Round packer......... 15! 68.48 66. 46 67. 30 41 41 


‘ay 
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TABLE 3.—Variations in capacity of bottles—Continued. 


Capacity at top. Average 

E Fens 
Refer- Size INIT Gla! | Samus GREET Sen PE OCLOULS g 

ence of Type. meas- devia- | 7yane° 

No. bottle. ured. Maxi- Mini- Average tion. ti ee of 
mum. mum. fig trey 

MACHINE BLOWN. 

Fl. 02. Fl. 022 |) - Fl. 02. Fl. 02. Fil. oz. Fil. oz. 
1004—-M 2'| Round packer........- 50 2. 44 2.37 2. 40 OF OhS i | Reaeese eee 
1004-1 PNAS mite Gotta scesstsbes fh: 50 2. 44 2.37 2. 40 HOS |e oh aces 
1004-2 pal a CLO Bae Ou Tene 50 2. 42 2.37 2. 40 ~Oll 0. 012 
1004 AG | PELESCHIpP LION. =. 2 =). 2. 50 B15) 5. 44 5. 57 . 068 . 068 
1015-A ST AO ALSIP Whe vse a fe ele 50 8.15 7.81 8. 05 sO!) |e ees see 
1015-B SoS Gna peu MICe esas 212 50 8. 69 8. 48 8. 57 HOAs levees ovens 
1004 8.| Oval prescription. -.-- 50 9. 02 8. 72 8. 86 SAU sl Penta egererer 5 

1014 ts fal ica (0 M0) ee a OO oe 50 8. 82 8. 52 8. 72 . 04 . 05 

1004 Mri eae LOE: ery any yt Whe 50 10.75 10. 48 10. 65 ~ 05 05 
1004-U UGH ae COM ose eB es a ibs Die 50 ILS Ale 16.70 16.97 OQHS Talc ace ee 

1004—W Gus Gatos Gossaus eee ses 25 17.58 17.31 | 17. 47 .05 07 


= + 


Measurements were taken on a variety of types of bottles, the num- 
ber measured in every set was usually 25 or 50, and several sets of 
data were usually collected on one size of bottles. The maximum, 
minimum, and average capacities to the tops of the bottles show the 
usual range of capacities. The average deviation is the average of 


all the variations from the average capacity of the set as measured. 


The average of the average deviation of the various sizes, as shown 
in the last column, is an index of the variation of the bottles of the 
size mentioned. The figures in this column are used to compute the 
chance of occurrence of the calculated maximum variation in the 
capacity of bottled foods. 

The chances of occurrence of variations in a normal frequency dis- 
tribution are calculated in accordance with the laws of probability 


as found in standard textbooks (8). The probability of occurrence.of 


a given variation is found by the formula f = =; where f is a factor 


whose probability value is read from a table of probability integrals, 
« 1s the limiting variation whose probability of occurrence is de- 
sired, and 7 is the probable error of a single observation of the dis- 
tribution. The complement of the equivalent of f gives the prob- 
ability that variations greater than a will occur, and the resulting 
fraction, reduced until its numerator is one, gives the chances of their 
occurrence. 

The variation for which it is desired to determine the chance of 
occurrence is the calculated maximum variation given in Table 9. 
This figure is given in Table 4 in the column headed “aw.” The prob- 
able error as found experimentally is computed from the last column 


of Table 3. For practical purposes, the probable error is equivalent 


to 0.8453 times the average deviation. It is so computed and in- 
cluded in Table 4, under the column headed “7.” The remaining 
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computations in Table 4 have been made according to the method out- 

lined in the preceding paragraph. 

TABLE 4.—Chances of occurrence of variations in the capacity of bottles larger 
than the calculated marimum variations. - 


HAND-BLOWN. 


| Caleulated | | | 


| maximum | Average t Ch f 
| variation, | deviation =< : auto 
Capacity. individual | 9.5453. leo a acee wees 
| bottles. | S | served data. 
(ote) ) a 
Fluid 0z.| Fluid oz lin 
vip 0.10 0. 028 3.58 0.9842 > 63 | 
4 4 057 4.O1 9955 | 299 
S 29 135 IAF) 8530 | Z 
194 9 24 .127 2.28 .8759 | g 
4 | 39 | 279 1.40 6550 | 3 
64 | 1.164 346 3 3 
| 


aa GER ae 


= 
| 0. 19 0.910 | 1°. 60 - 9999 5- 


| 
2 | over 10,000 

aa 24 057 | 4.21 9955 | 292 | 
8 29 1042 | 6.90 | .9999+ | over 10,000 | 
12 a, Jo 0 6.90 | .9909+ | over 16,000 | 
16 .39 1059 | 6.62 | .9999+ | | 


over 10, 090 


While the chances of oecurrence of the calculated maximum vari- 
ation, 1 in 7, 1 in 8, and 1 in 3, as shown for the hand-blown 8, 12. 
and 24 ounce sizes, respectively, are not very large, at least the table 
shows that they are far from even, and indicates that there is not 
an unreasonable possibility that hand blowers may meet the required 
calculated maximum variations, in a large percentage of cases. It is 
also possible that further data on other types of 8 and 12 ounce hand- 
blown bottles might reduce the chance of occurrence of the calcu- 
lated maximum variation, since these sizes include soda water and 
beer bottles, in which exceptional care as to exact weight is not 
exercised in blowing. The 24 ounce size is not exceptionally common, 
and a majority of.the other two sizes are blown by machine. 

The averages of the figures in the last column of Table 4 are 1 in 
58 for hand-blown bottles and 1 in more than 10,000 for machine- 
blown bottles. These figures show the reliability of the calculated 
maaximum variations when used as limits of variation in the ca- 


pacity of bottles: In view of the relative prevalence of machine- | 


blown bottles and the possibilities of exceptional care in blowing 


hand-blown bottles, the data indicate that only a small percentage - 


of the bottles as they occur on the market should vary in capacity 
by more than the calculated maximum variations. 


VARIATION IN VOLUME OF BOTTLED FOODS. 


In order to determine the variation in volume of the food filled 


into the bottle, 27 bottling establishments located at various points. 


Te 
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in Virginia, West Virginia, and Maryland were visited, and 20 sets 
of measurements, including 524 bottles, were taken. Rough measure- 
ments were first made on the bottles being used, from the result of 
which the bottler was given an aim in ounces by which to fill 50 
bottles for measurement. The aim given was as consistent as possible 
with his declaration of the quantity of contents, but slight changes 
were often made, even though he were approximately following the 
good commercial practice outlined in this bulletin. The bottler was 


then requested to fill a number of his bottles with the specified number 


of ounces given to him as an aim, take the average of the distance 
from the top, and adjust his filling machine or filling system to fill 
to this average height. In cases where allowance for contraction due 
to change in temperature was necessary, he was instructed to deliver 
bottles which would be filled to this aim when cool. In cases where 
the bottles could not be opened, such as soda water, 50 empty bottles 
were selected at random, paired with full bottles, and filled to the 
same height by pouring water from a standardized graduate. The 
results so obtained were assumed to be equivalent to the volumes of 
food contained in the original bottles. 
The results obtained are recapitulated in Table 5. 


-TaABLE 5.—Variation in volume of foods packed in bottles. 


{od) 
Type of bottle. ; Volume found. . : ee d Bp 
o Se ean testinal 
I Bey Ee es i ee 
. o a fos] iS) 5 SA 
So o Ss i oH a= q gy 8 
4 Product. 5 SI : é ® Sys] 3 on 
g = c BF | S| Ae Bah ae 
5 & ors See cies eee eae 
é ae 2 Bre vel ae Rech a iansiiey Bu leyor italy (ek lb ssihelles 
3 aq | & 5 Sl ae eltls Gi} 2 8 a ey ee Se 
ee = ea) Z, 4 < = = <q <{ <q <j | <q 
Fl. oz.| Fl.oz.| Ft.oz.| Fl. oz.| Fl. 0z.| Fl. oz.| Fl. 0z.| Fl. oz 
1120 | Flavoringex-| HH | Sq. | Con..... 25 | 0.75; 0.88] 0.66 | 0.76 |0.034 0.034:| 0.01 | 0.01 
tract. | 
1100:| Soda water..| H RiGee Cone 222. 50 | 6.0 7. 84 RAN Ghesloros Weekes BO | Wires 
ITO Coca colas to) Mis Sas...) Com. .2-: Dial tie Oxi Oli te Os 425 lend Olen Marcy 8 (paineot 2d nee ave De 
HPL UE aga Gots. .e M Sq Conese: 25/41 6-:05)|9 6125) 1466 5.66 | .25 27 |—.34 |— .02 
LODE es Goresee a: H Vln COMM ay. DOM 7101) 0401 6542 7.07 2 Dnie Vek year O Fer ices By aes 
1108 | Soda water. .|.....- 1aKele Sih Calegeses 50")** 7.0 8.18 | 6.12 Tee NneeMh ills 65s DAT [oz S20Ne 
PLOON| 2 ees ONE 8 H Jeerolae ip Clona\se mee 50 7.0 Cot Gao TAOS e Pee ES ee ee =a OMA eta 
ALESIS S| eee ee GO home ile cee Ras |eComess 2: 25 (Ae) 8.69 | 6.15 U5 Poul iol Bye) ls sae es =, 22)... 2% 
OLS eee GOee Sie H Rae |;Com es: 00} 8.0] 8.381]. 7.54 TOU 15 .32 |—.03 04 
1114 | Vinegar...... H SOpaikConees. 10 | 15.0 | 15.68 | 14.94 | -15. 51 15 15 51 51 
TENG) eee Oza: H Rd. | Cyl. jar 10 | 20.0 | 20.45 |-18.93 | 19.77 SA iel cose ray AM (aves 
DINVGR Esra Chose oae H Rd. | Cyl. jar 10 | 25.0 | 26.20 | 25.01 | 25.62 Din eek (Os). 
LA he OOneaouee H Rd. | Cyl. jar 20 | 25.5 | 26.70 | 25.52 | 26. 30 ALO Fite ps a SO ae ee 
O41 Paes Gowen M Rd. | Cyl. jar 20 | 26.0 | 26.87 |} 25.69 | 26.29 31 28 30 38 
TOS a eee Gore wea M IG see yileees 4 25 | 63..0°| 63.75 | 62.91 | 63.25 LO Ns pee ie La Ne etecis 
dA (eal he oe dovewen H RG Be ylaiiee | a LOMOs4Onl 65. G16. fon OSs 251 clot nla ae ays Ae 
IWS eee GOs H Rd. | Cyl. jug 19 | 63.0 | 63.24 | 61.22 | 62.22 | .39 .32 |—.78 . 24 
HOR (he: Bossy ae M | Rd. | Cyl. jug.) 20 128.0 |130. 70 |126. 82 |128.02 | .93 |...... = (NiUp |aeean ie 
Sse ee Oe 264. H Rd. | Cyl. jug-|.. 10 |128.0 |128. 51 125.46 |127. 27 |1.03 |.....-. sal Apa Gsereces 
A Ee ee (6 Wo ieee apie H Rd. | Cyl.jug-| 20 |129.0 |129. 69 exe 127. 34 | .47 .8l |—1.67)— .80 


With the exception of one set of data, measurements were taken on 
bottles of soda water and vinegar, and data were taken on hand- 
blown and machine-blown bottles, round and square botties, bottles 
with conical and cylindrical necks, jars, and jugs. Some of these 
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sets were filled by hand and some by machine. The maximum, mini- 
mum, and average volumes show the range of volume. As in’Table 
3, the average of the average deviations of various sizes is an index of 
the variation in volume of food in the bottles of the size mentioned, 
and the figures in this column are used to compute the chance of 
occurrence of the calculated maximum variations in the volume of 
bottled foods. By computations similar to those used in Table 4. the 
chance of occurrence of variations in the volume of food in the bottle 
larger than the calculated maximum variations has been computed 
and compiled in Table 6. 


TABLE 6.—Chances of occurrence of variations in the volume of food in the 
bottles larger than the calculated maximum variations. 


Calculated 
maximum.-| Average eee - ‘|-Chance of 
variation, | deviation ath Probabil- | 0ccurrence 
Capacity. | individual} 0.8453. r it based on 
bottles. Y- | observed 
: data. 
(z) (r) (f) 
Fl.oz Fil. oz. Fl.oz 1 in— 
0.75 0. 10 0. 029 3. 45 0. 9800 50 
6 . 24 227 1.06 ~ 5254 2 
8 . 29 272 1.07 . 5295 2 
15 . 39 131 2.98 . 9556 23 
20-26 sey) 236 72 lle G5) . 7342 (A 
63 1.16 269 4,31 . 9964 278 
128 | 1.94 686 2. 83 . 9437 5 18 


The results of the calculations in Table 6 are given in the last 
column. The average of the last column is 54, showing that, as a 
rule, one bottle in 54 will fall without the calculated maximum varia- 
tion. With the exception of the 63-ounce size, where the chance of 
occurrence of the calculated maximum is 1 in 278, the results indi- 
cate that there might be a frequent occurrence of variations larger 
than the calculated maximum variation. It should be noted, how- 
ever, that soda water is perhaps the most difficult food to bottle ac- 
curately, since it is carbonated. The vinegar bottled in the estab- 
lishments in which these data were collected was bottled hot, thereby 
giving chances for additional variation due to cooling. When it is 
considered that the aim of the bottler--was changed in some cases 
from his normal height of fill, it is evident that a number of factors 
have been introduced to cause variation which would not be met in 


bottling uncarbonated liquids under’ conditions which have been 
customary for some time, as would be the case if the bottler were . 


following the good commercial practice outlined in this bulletin. 
These data represent variations which would be met under very ex- 
treme and difficult conditions. Under more:favorable circumstances 
the chances of occurrence as calculated in Table 6 would be re- 
duced. 


¢. 
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The average deviations given in Tables + and 6 afford a compari- 
son of variations in the capacities of the bottles and variations in 
volume of food after filling. The deviations are compiled in Table 7 
for comparison. 


TABLE 7.—Comparison of the variation in capacities of bottles with the varia- 
tion in volume of the bottled food. 


Average of | Average of 


average average 
deviations | deviations 
| Capacity | in the ca- of the 
of bottles. | pacity of volume 
hand- of food 
blown in the 


bottles. | bottle. 


Fluid oz. Fluid oz. | Fluid oz. 
i 555 


ne OLT5 | 0.034 
ees 0. 033 oy 
hese! . 068 aE 
6 . 269 
cee 16 322 
| 12 15 a 
16 RS Boel eee 

| 24 33 279 
| 64 41 318 
| 128 Bae Sli 


The average deviation in the capacities of the bottles of a given 
size is approximately equal to the average: deviation of the volume 
of food contained in the bottles of that size. The fact that these 
two deviations are practically equivalent, supports the belief that 
the volume variation of bottled foods is approximately equivalent 
to the capacity variation of the bottles themselves when blown by 
hand. The calculated maximum variation apparently has about the 
same relation to the capacity of the bottle as to the volume of food 
in the bottle after it is filled. 

In view of the unfavorable circumstances under which the data 
on the volume of bottled foods have been taken and the approxi- 
mate agreement with the data on the variation in the capacity of 
bottles. the data indicate that only a small percentage of the bottled 
foods on the market should vary in quantity of contents more widely 
than the calculated maximum variations. 


RELATION BETWEEN CALCULATED MAXIMUM VARIATION AND TEMPORARY 
METHODS OF MEETING DECLARED VOLUME. 


The calculated maximum variation is not large enough to prevent 
the bottler from meeting it by the two temporary methods ordinarily 
used, namely, changing the height of fill or changing the declaration 
of the quantity of contents on the label. 

In the course of the investigations, capacity measurements were 
made on bottles from the base of the shoulder to the usual aim in 
filling and to the top of the bottle. It is recognized that the base 
of the shoulder is not a definite filling point and that measurements 
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will vary widely. However, the best estimate possible was made to 
determine this point, after which the measurements on 50 bottles 
were averaged. The aim, determined by the manufacturer of the 
bottles, was the height to which he usually fills to make his tests as 
to capacity. A recapitulation of the data, showing the average 
capacity of the bottles measured and the capacity from the base of the 
shoulder to the top and from the aim to the top, with their relations 
to the calculated maximum variations, is given in Table 8. 


TABLE 8.—Average shoulder to top capacity and head space (bottles with cylin- 
drical necks and conical necks). 


| Cater ee ee 
; - late ate 
Size. |Reference Me Number ated anid maxi- ~ meee maxi- 
No. Re: measured.| 4m de-| to top). |, = ae mum 
Sere BYE (shoulder Ie | (aim to 
erign st to top). | stop): 
ers: 
CYLINDRICAL NECKS. fe : 
Fil.oz.| ‘ Fil. oz. Fl.oz. | Ratio. TUG Oe Ratio. 
1| 1006-0 | Shoo-fly flask..........- Zoey eae ae ~- 0.39 0.3 0. 09 15a 
| 1006-1 |_.... dos Sees esate eee 25 0. 10° ~3D -3 |- . 08 12 
Average ] SS idivrass eee 1.2 
2{ 1004-M | Round packer .4 ee / imi! 
1004-1 |._... OL 22s. Ses -4 -22 1.6 
1004-2 3 |= 2222 dOne2= ae ae | 4 Al 5 ad 
: Average | See Sa eee a eee 1.5 
3 | 1002-B ! Oval prescription~ - -----| TAs ee a See . 45 cmsic -33 } a7 
1002-S |_...-. GOs see eee 200 eons 37 -6 . 30 .8 
1010-1 |__... do ee hie eee AY eee Bee 61 4 |- - 21 ai 
101022 HR - G03 es 20 de see oe ; - 60 4 -38 1s 
4! 1001 FOUN SGUALe-5=225-- =~ 5O Meas ee Bal .3 |- .38 .6 
| 1008 Oval prescription - .-...-! SU a Ses semeaee .59 .4 .16 £5 
(SS eileeeee Go sresoe sear ase 50 24 | 1.42 2 63 4 
at AVETALCS. 6.2m sSn|Oe Soc eens haem emer pos Soe eee AG cel epee See ao 
8} 1001 Oval prescription. ...--.- B04 eee 1.19 ave Aff 4 
et es Us 2 ee ee ee Si Ale Beet 1.05 +3 44 mill 
1004 Oval prescription. ------) 50) yl eta ee 1.38 -2 . 36 -8 
TOTAL eas |e Se GO Se ee oe 50 29 1.52 a2, .65 .4 
AVerage-..-2-.-2 Lot pce ASA ie SeSLe Eee Sect e ee “4k ee tes eee .6 
10-12 | 1004 Oval prescription. .-.... 50 . 29 1.57 2 . 24 1.2 
(Averages ee Soe ie gas 4 eee ge Cer eee Poe “2 |e eee 1.2 
16 | 1004 Oval prescription HOR Ss ee eae 2. 86 zal - 36 nee 
LOOSE alee se Oe See ee ee 29 39 2.51 ~2 27 1.4 
| Average! -=52. 22% ee ere, [aS er es MRE SPE nO eee ees 13 
64 1005 Round packer-....._....- 15 1.61 10. 65 =! 4.39 563 
INV CTA RCS sees Ses se | es eee | eee ee eens Nee Bs ES) Pe eee 13 
Grand average of | 
individual ob- |! 
— servations. fe cy SERS Soles el See 130: 2k. 97 
. CONICAL NECK. 
4| 1006-1 | Shoo-fly flask........... Ot kc eee. 1.30 2 - 20 1B 2. 
1O0G—2 >| S255= C6 Ke i ea pec era 25 | .24 1.35 ~2 23 1.0 
SANVCLA CA vis ssl Sees eee eee ellen ee SC 2eles tee ee Tisil 
8 | 1005 NS Od Asa eee ae pe ateemee BON Rete 1. 87 }. 2 -. 66 4 
3 1015 —Ass Catsup aes. see oe Soe 50a ee 32 eae 2. 68 Ril .19 1-5 
1915—B i Grapejwice._- ses . 50 .29 3. 03 =A BY) -o 
, AV Cl ages. =55cs. 0G be eee eee AW tee -8 
12 1005 IS CBDaee Sees fen ee ee 50 29 Sealey eels -(8 4. 
24 eAOOU—K. | brand y.ose 22022 eee | D5 tN 6. 68 -6 ~42 =o 
1000-P |...-- GOS oe cb aeer ee 25 09 6. 80 AG - 66 a0 
ANGI ASC: 2.2082 a Sear ee ee eee Fy city esis Soyo Pde a6; 
Grand average of | 
individual ob- | : 
servations. -----2 Peeeen fee (522sosca re /se2s 2222: BoA ee eee ere a7 (ie 
j } 


The calculated maximum variations average nearly 0.3 of the avail- 
able space from the base of the shoulder to the top in cylindrical-neck 
bottles and nearly 0.3 in conical-neck bottles; that.is, the bottler has 


about three times enough room in his filling range to adjust his 


t 
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height of fill to meet the variations equivalent to the calculated maxi- 
mum variations. The calculated maximum variations average about 
the same as the space in the bottle from the aim to the top, in the 
case of cylindrical-neck bottles and 0.8 in the conical-neck bottles 
(Table 8). Accordingly there is sufficient room in the bottles to 
permit changes from the usual height of fill to the limits of the cal- 
culated maximum variations. 

The unit of change in declaration is of concern to the bottler when 
he receives bottles short of the capacity which he expects. It is the 
-custom to declare the quantity of contents on bottled foods in whole 
units. In a survey of the bottling of flavoring extracts and similar 
products it was found that the prevalent sizes of bottles were 1, 2, 4, 
8, and 12 ounces, 1 pint, 1 quart, $ gallon, and 1 gallon. In bottles 
containing less than 2 ounces some of the declarations varied by 
4-ounce units; in sizes from 2 to 8 ounces, some of the declarations 
varied by 4-ounce units; and in sizes above 8 ounces, some varied by 
4-ounce units. The calculated maximum variations for 2 ounce, 8 
ounce, and 1 pint capacities are 0.19, 0.29, and 0.39 ounce, respec- 
tively, which are approximately equivalent to the usual units of dec- 
iaration for these sizes of bottles. The bottler would therefore meet 
the variations equivalent to the calculated maximum variations if 
he made the usual changes in his units of declaration. It follows that 
the bottler’s usual temporary methods of meeting the proper declared 
volume can be governed by the calculated maximum variations as 
found in this bulletin. 


PRACTICAL APPLICATION OF RESULTS. 


The bottler will be able to apply the results of this investigation 
as outlined in Table 9 to guide him in making tests on bottles re- 
ceived. If the capacities of the bottles at his usual filling point vary 
from the capacity ordered by amounts greater than the results given 
in Table 9, he will necessarily feel that. some further steps should 
be taken to meet properly the requirements of the law that the 
volume of food declared on the labets be correct. The bottle manu- 
facturer will be able to use the results in Table 9 to guide him in 
_ determining whether or not any shortage found in the volume of 
bottled food may be due to unavoidable difficulties in the manu- 
facturing or filling of the bottles. | 


SUMMARY. 


_ Good commercial practice in bottling foods has been considered 
in this bulletin to be the attainment of conditions in the bottler’s 
state of business in which he (a) includes in his orders for bottles 
the specifications.as to capacity when filled to a specified height, 
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(0) tests representative samples of every lot of bottles received, 
rejecting those appreciably under capacity, (c) fills his bottles to 
a height determined from the results of his tests, and (d) has his 
labels printed with a definite, correct statement oe the quantity of 
contents and applies them elena 

The calculated maximum variations in the volume of bottled foods, 
as given in Table 9, have been computed from the weight variation 
allowed the blowers by the manufacturers, and by the use of the 
relation between the weight and volume of bottle glass. 


TaBLe 9.—Calculated maximum variation in volume of bottled foods. 


} 
| Calculated maximum 
variation in volume. 
| Capacity | 
of 
bottles. Teidisidaal Average of 
bottles... | Lepresentaq 
tivesamples.| - 
Fl. oz. Fil. 02. Fil. oz. 
4 0. 10 0. 014 
i sl) . 014 
2 .19 . 027 
+ . 24 . 034 
6 . 24 . 034 a 
8 . 29 . 041 
12 . 29 . O41 
16 39 056 
24 - 3g 056 
32 - 08 083 
64 1.16 17 
128 1 94 28 


Data on the capacity of bottles and volume of food in bottles indi- 
cate that only a small percentage of the bottles of food filled in 
accordance with good commercial practice, as outlined in this bul- 
letin, should vary in quantity of contents by more than the calculated 
maximum variations. 
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